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Statement to the Assembly/ Senate Public Hearing for Hearing Aid Bills #27/#16

Icomebeforeyouasthcgrandmoﬂleronylan,whohasageneﬁcBﬂateral Hearing Loss. His story is
Iikemanyotbersinthismom.Theinsmanoecompanypaidforthetwﬁngofhishwing,bmupon
diagnosisofhearinglosshispmaxtsweretoldﬂmtﬂ:einsm*ancewmﬂdnotpayforhem-ingaids.

Dylan’spmentsqualiﬁedforhelpﬁomﬁerIKEandtogethishwingaids,butprwenﬂythel-ﬂl(E
medismlmgerevmmkingappﬁcaﬁons,becmmmeycannotmiseemughmoneywﬁlltheneedsof
dlemanyapplicants.ThisIeav&smxdiologistsspendingtoommhoftheirﬁmeawayﬁnmfamiﬁwto
searching for resources for hearing aids for their children.

Dylan’s communication skills and understanding have rapidly progressed since getting his hearing aids.
Hcstil]needsexnaspwchhuavenﬁombmhgisfaramwofwhm‘eheWMdbewithommeheaﬁng
aids. Had he gotten them earlier than 3 % years old he would have been even further ahead.

Whenbabysitﬁngforhhnonenight,hebegantalkingabommeheartandbeingamxrseldecidedthis
was a “teaching moment”. WeIookedatachﬂdren’swebsite,whichshowedhowthehem'tworks,where
itislocatedinﬂlechestandhowitpmnps.Tbenheandlcomparedﬂzeveinsonomhandsandanns,so
he could visualize what he was seeing on the website.

But Dylan’sknowledgeoftbeheaxtbwameveryrealonDeocmberZ““oflastyear.His“Opa”died ofa
&ﬂdmhemtaﬂack.WhenhisdwdytoldhimthatOpahaddiedofahwrtattack,Dylansaid,Iknow
Wheretheheartisandhepointedtohischwt”andﬂ:eninhissweetcm'ingwayhesaid,“Opa’ssph'itis
in my heart always” as he pointed to his heart. If Dylan was not able to hear and to comprehend things
likc“mehemt”hewouldnever\mderstandwhy“Opa”hadleﬁhim.TheywerebuddiesmdDylan
communicates his feelings of his loss very profoundly and quite often.

Youﬁﬂmﬁmmaﬂmswmmmbdngma&mﬁs&mmimemym&ﬁmmMasimﬂmmeme
echoes throughout this room—Early intervention influences language and vocabulary development.
Scienﬁﬁcsmdi&haveprovenitandfamﬂi&srecognizeitdaﬂyasﬁneir“nowhearhgchﬂd”imemctsin
a hearing world, if they are able to receive hearing aids. (See Benefits of Early Intervention For Children
With Hearing Loss)
IaskthatyouHstencmefuuymmemfmmaﬁmmdﬁfestoﬁesbeingpmentedmdaymdvmewmove

the Hearing Aid/Cochlear Implant Bills 27/16 requiring health insurance coverage of hearing and
cochlear implants for persons under 18 years of age out of these committees to the floor for a vote.

Thank you,
Judy Wagner, R.N.

609E Eastwyn Bay
rwagner12(@ wi.rr.com
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Facts about Children who are Deaf or Hard of Hearing in Wisconsin

© Hospitals in Wisconsin screen newborns before discharge for early detection of
hearing loss. One major purpose of this program is to identify children so that they
can receive early intervention.

© In 2007, there were 95 newborn babies in Wisconsin identified as having hearing loss
through the newborn hearing screening test. There are approximately 200 children
who are identified as deaf or hard of hearing annually.

© Insurance companies are not required to pay for hearing aids or cochlear implants for
children who need them.

o According to a survey conducted by the Wisconsin Families for Hands &
Voices, 54% of the parents surveyed did not have insurance that covered
any of the cost of hearing aids or cochlear implants.

o The average out of pocket expense for hearing aids for families with no
insurance coverage was $4,100.

o Families who had partial coverage of hearing aids paid an average out of
pocket expense of $3,727.

© Families in Wisconsin are struggling to pay for hearing aids and cochlear implants for
their children. The result is that some families are going into debt, and some children
are significantly delayed in receiving intervention or simply do not receive the
appropriate intervention at all.

© Intervention through hearing aids or cochlear implants can allow a child to maximize
their language and speech.

® It costs far more in the long-run to educate and support individuals who do not
receive appropriate early intervention than to provide it as soon as possible.
o Research shows that early intervention can provide a savings of between
$5,000 - $10,000 per child per year in reduced or eliminated special
education services'. And over a lifetime, early intervention can reach a
savings of about 1 million dollars per person2 .

©®© Wisconsin State Employees already have coverage under the state healthcare plan.

Connecticut, Kentucky, Louisiana, Maryland, Minnesota, Missouri, Oklahoma,
Rhode Island, Maine, and New Mexico all have laws that require insurance coverage

for children who are deaf or hard of hearing.
* This fact sheet was created by Disability Rights Wisconsin in conjunction with Wisconsin Families for Hands & Voices.

Yoshmaga Itano, Christie, and Gravel, Judith. The Evidence for Universal Newborn Hearing Screening.
Amencan Journal of Audiology, December 2001: 10: 62-64.

? These figures are based on 1993 numbers as reported by Johnson, J.L., Mauk, G.W., Takekawa, K.M.,
Simon, P.R., Sia, C.C.J. and Blackwell, P.M. Implementing a statewide system of services for infants and
toddlers with hearing disabilities. Seminars in Hearing. 1993; 14:105-119.
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Language of Early- and Later-identified Children With Hearing Loss

Christine Yoshinaga-Itano, PhD*; Allison L. Sedey, PhD*; Diane K. Coulter, BA*; and Albert L. Mehl, MDi

ABSTRACT. Objective. To compare the language
abilities of earlier- and later-identified deaf and hard-of-
hearing children.

Method. We compared the receptive and expressive
language abilities of 72 deaf or hard-of-hearing children
whose hearing losses were identified by 6 months of age
with 78 children whose hearing losses were identified
after the age of 6 months. All of the children received
early intervention services within an average of 2 months
after identification. The participants’ receptive and ex-
pressive language abilities were measured using the
Minnesota Child Development Inventory.

Results. Children whose hearing losses were identi-
fied by 6 months of age demonstrated significantly better
language scores than children identified after 6 months
of age. For children with normal cognitive abilities, this
language advantage was found across all test ages, com-
munication modes, degrees of hearing loss, and socioeco-
niomic strata. It also was independent of gender, minority
status, and the presence or absence of additional disabil-
ities.

Conclusions. Significantly better language develop-
ment was associated with early identification of hearing
loss and early intervention. There was no significant
difference between the earlier- and later-identified
groups on several variables frequently associated with
language ability in deaf and hard-of-hearing children.
Thus, the variable on which the two groups differed (age
of identification and intervention) must be considered a
potential explanation for the language advantage docu-
mented in the earlier-identified group. Pediatrics 1998;
102:1161~1171; hearing loss, early identification, early in-
tervention, language, newbom hearing screening.

ABBREVIATIONS. SD, standard deviation; df, degrees of freedom;
dB, decibels; dB HL, decibels hearing level; CQ, cognifive quo-
tient; MCDI, Minnesota Child Development Inventory; MLU, mean
length of utterance; LQ, language quotient; ANCOV A, analysis of
covariance.

Hearing loss that is bilateral and permanent
is estimated to be present in 1.2 to 5.7 per
1000 live births."* The typical conse-
quences of this condition include significant delays
in language development and academic achieve-

ment. These delays are apparent for both children
with mild and moderate hearing loss>”’ as well as

From the *Department of Speech, Language, and Hearing Scences, the
University of Colorado-Boulder, Boulder, Colorado; and the $Colorade
Permanente Medical Group, Boulder, Colorado; and the University of Col-
orado Health Sciences Center, Denver, Colorado.

Received for publication Aug 5, 1997; accepted Jun 22, 1998,

Reprint requests to (C.Y.-1.) University of Colorado-Boulder, CDSS Build-
ing, Campus Box 409, Boulder, CO 80309,

PEDIATRICS (ISSN 0031 4005). Copyright © 1998 by the American Acad-
ey of Pediatrics.

for those whose losses fall in the severe and pro-
found ranges.>!' Despite advances in hearing aid
technology, improved educational techniques, and
intensive intervention services, there has been vir-
tually no change in the academic statistics of this
population since the systematic collection of na-
tional data >30 years ago.'*!> These data indicate
that the average deaf student graduates from high
school with language and academic achievement
levels below that of the average fourth-grade hear-
ing student.'*!* Similarly, for hard-of-hearing chil-
dren, achievement is also below that of their hear-
ing peers with average reading scores for high
school graduates at the fifth-grade level.’> These
limitations in reading have a pervasive negative
impact on overall academic achievement.!

Many professionals in both health care and special
education have supported early identification of
hearing loss and subsequent intervention as a means
to improving the language and academic outcomes
of deaf and hard-of-hearing individuals.*7-2 In 1994,
the Joint Committee on Infant Hearing? released a
position statement endorsing the goal of universal
detection of infants with hearing loss as early as
possible, preferably by 3 months of age. This position
statement was endorsed by the American Academy
of Pediatrics. This priority is in concert with the
national initiative Healthy People 2000,2 the Na-
tional Institutes of Health Consensus Statement,?
and the position statement of the American Acad-
emy of Audiology.* All of these position statements
support the need to identify all infants with hearing
loss. Both the Joint Committee on Infant Hearing and
the American Academy of Audiology recommend
accomplishing this goal by evaluating all infants be-
fore discharge from the newborn nursery.

Despite widespread support for universal new-
born hearing screening, this mandate has been chal-
lenged by Bess and Paradise® partly on the grounds
that “no empirical evidence . . . supports the propo-
sition that outcomes in children with congenital
hearing loss are more favorable if treatment is be
early in infancy rather than later in childhood (eg, 6
months vs 18 months)”. At the time, this statement
was reasonable in that before Bess and Paradise’s
commentary, studies examining the effects of early
identification and subsequent intervention either de-
fined early identification as before 18 months (rather
than 6 months) of age® or did not specify the number
of children identified by the age of 6 months.” Nev-
ertheless, in one of these older studies, White and
White? reported significantly better language scores
for a group of severely and profoundly deaf children

Downloaded from www.pediatrics.org at Ebling Library, Univgrg}?y[émgc%r}gg}%}ggiggbg Mg&%qgeﬁ(}(?‘? 8 1161



whose average age of identification was 11.9 months
(with an average age at intervention of 14 months)as
compared with children with the same degree of
hearing loss whose average age of identification was
19.5 months (with an average age at intervention of
26 months).

Since the publication of Bess and Paradise’s com-
mentary, Robinshaw? described 5 young children
with severe and profound hearing loss whose deaf-
ness was confirmed between 3 and 5 months of age.
All of the children wore hearing aids by the age of 6
months. Robinshaw compared her deaf children
with 5 normally-hearing control children and to data
from a previous study involving 12 children with
severe and profound hearing loss whose average age
of identification was 2 years, 3 months. She found
that the earlier-identified children acquired vocal
communicative and linguistic skills at an age similar
to the 5 normally-hearing control children and well
before the deaf children who were identified later.
Her investigation supports the value of early identi-
fication followed by immediate amplification; how-
ever, the group of children studied was small, only
children with severe and profound hearing loss were
included, and no data from standardized assess-
ments were presented. In addition, the only treat-
ment consistent across all 5 children was the early
fitting of amplification. The frequency of additional
early intervention varied among children.

Apuzzo and Yoshinaga-Itano® responded to Bess
and Paradise’s?® concerns more directly. They com-
pared language ability at 40 months of age across
four age-of-identification groups: 1) 0 to 2 months, 2)
3 to 12 months, 3) 13 to 18 months, and 4) 19 to 25
months. The hearing loss of the children in each of
the groups ranged from mild to profound and all of
the children received ongoing intervention services
from the same program shortly after their hearing
loss was identified. Apuzzo and Yoshinaga-Itano re-
ported that the first age-of-identification group (ie,
those children identified before 3 months of age) had
significantly higher language scores than those iden-
tified after the age of 2 months despite all children
receiving similar intervention programming.

In the Apuzzo and Yoshinaga-Itano® study, all of
the children in the earlier-identified group were di-
agnosed within the first 2 months of life because they
presented with characteristics on the high risk regis-
try for hearing loss. Within that study, there were
only a few children without significant cognitive de-
lay identified before 12 months of age despite includ-
ing the entire sample of young children with hearing
loss from a 10-year database of >350 children. Be-
cause of the small number of children in the earlier-
identified group, the question of whether early iden-
tification and intervention was associated with better
language scores for all deaf and hard-of-hearing chil-
dren or only for children who exhibited specific de-
mographic characteristics could not be addressed.
Because of the institution of universal newborn hear-
ing screening, within the last few years the number
of children identified early with hearing loss who
have normal cognitive ability has increased dramat-
ically.

Moeller® reported a retrospective longitudinal
study of 100 deaf and hard-of-hearing children, 25 of
whom had been identified before 6 months of age.
These children were tested every 6 months until the
age of 5 years. Children identified with hearing loss
before 6 months of age maintained age-appropriate
language skills and had significantly better language
skills than those children who were identified after 6
months of age. Similar to the study conducted by
Apuzzo and Yoshinaga-Itano,” Moeller’s early iden-
tification group consisted primarily of children iden-
tified through the high-risk register for hearing loss.
Additionally, the earlier- and later-identified groups
were not comparable on the full range of demo-
graphic variables frequently associated with lan-
guage ability in deaf and hard-of-hearing children.

The purpose of the present investigation was to
compare the language skills of a large group of chil-
dren whose hearing losses were identified by 6
months of age with children who were identified
after the age of 6 months. Because it was hypothe-
sized that the advantage of early identification might
vary, the effect was examined within a variety of
subgroups formed on the basis of demographic vari-
ables frequently associated with language develop-
ment. Specifically, comparisons of children who
were earlier-identified versus later-identified were
made within subgroups based on cognitive ability,
age at testing, communication mode, minority status,
gender, degree of hearing loss, socioeconomic status,
and presence or absence of additional disabilities.

METHODS

Participants

The participants in this study were 150 deaf and hard-of-hear-
ing children living in Colorado. At the time of data collection, the
participants ranged in chronologic age from 1 year, 1 month to 3
years, 0 months (mean = 2 years, 2 months; standard deviation
[SD] = 7.0 months). See Table 1 for a description of the demo-
graphic characteristics of this sample.

Age of Identification

The participants were divided into two groups based on the age
of identification of their hearing loss. Group one (the earlier-
identified group) consisted of 72 children (34 males; 38 females)
whose hearing losses were identified between birth and 6 months
of age. Group two (the later-identified group) included 78 children
{41 males; 37 females) whose hearing losses were identified after
the age of 6 months.

Intervention Program

Data regarding the age of amplification fitting were available
for 80% of the sample. The median time that elapsed between
identification and receiving amplification was 2 months for the
earlier-identified group and 1 month for the children who were
identified later. All of the participants in each group received
ongoing early intervention services that focused on improving the
child’s communication and language skills. The onset date of these
services was available for 82% of the sample. The median time
between identification and ongoing intervention was 3 months for
the earlier-identified group and 1 month for the group that was
identified later. Three children in the earlier-identified group and
3 children in the later-identified group received their intervention
services from a private center-based program that specialized in
working with deaf and hard-of-hearing children. All of the re-
maining children in each group (96% of the total sample) were
enrolled in the Colorado Home Intervention Program.

The Colorado Home Intervention Program provides early in-
tervention services specifically to families who have deaf or hard-
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TABLE 1.  Demographic Characteristics of Study Sample by
Age of ldentification of Hearing Loss

Demographic Variable/
Category of Variable

Age of ldentification of
Hearing Loss

By 6 After 6
Months Months
n % n %

Gender

Female 38 53 37 47

Male 34 47 41 53
Ethnicity

Not a minority 53 74 56 75

Minority 19 26 19 25
Mother’s education

12 years or less 27 43 26 52

>12 years 36 57 24 48
Medicaid status

Not on Medicaid 24 48 26 58

On Medicaid 26 52 19 42
Degree of hearing loss

Mild 8 13 7 11

Moderate 17 27 10 16

Moderate-severe 16 25 13 21

Severe 10 16 14 23

Profound 11 18 14 23
Mode of communication

Oral only 39 54 36 46

Oral and sign language 33 46 42 54
Multiple handicaps

No other handicaps 37 53 42 59

Additional handicaps 33 47 29 41
Cognitive ability

Cognitive quotient <80 21 29 44 56

Cognitive quotient =80 51 71 34 4
Age at data collection

13 to 18 months 18 25 10 19
19 to 24 months 22 3 15 25
25 to 30 months 19 26 28 31
31 to 36 months 13 18 25 25

of-hearing children. The program is family focused with a coop-
erative partnership between the provider and the parents. A
developmental assessment protocol consisting of parent question-
naires and an analysis of a videotaped parent-child interaction are
used to develop each child’s program. Goals and activities are
individually and differentially determined according to the child’s
developmental data rather than being curriculum driven. Services
are delivered in the home by a provider who visits the family ~1
hour per week. The vast majority of the service providers have
graduate degrees in audiology, speech-language pathology, or
deaf education. More than half of the providers have been with the
program for 10 years or more. An important component of the
program is ongoing, extensive in-service education for the provid-
ers in counseling strategies including theories of families systems.
This program has been described in further detail by Stredler-
Brown and Yoshinaga-Itano.3

Children in both age-of-identification groups received ongoing
intervention for ~1 hour per week. As stated previously, the vast
majority of the children in each group received services from the
same intervention program. Thus, once intervention was initiated,
there were no differences in either the intensity or type of services
provided.

Ethnicity and Socioeconomic Status

Ethnicity data were available for all but 3 of the participants. In
the earlier-identified group, 26% of the children were from an
underrepresented minority group (primarily Hispanic) and the
remaining 74% were Anglo-American. In the later-identified
group, 25% of the children were from an ethnic minority group
(again, primarily Hispanic}.

Sociceconomic status was estimated by examining the level of
education of the child’s primary caregiver (typically the mother)
and the Medicaid status of the family. The primary caregiver’s

Downloaded from www pediatrics.org at Ebling Library, University of Wisconsin-Madison on Marcm%%bg S

educational level was available for 75% of the participants. The
mean educational level of the caregivers of the children in the
earlier-identified group was 13.6 years (SD = 2.4 years); for the
later-identified group the mean was 13.3 years (SD = 2.3 years). A
between-group ¢ test indicated no significant difference in the
means of the two groups (¢, 0.62; degrees of freedom [df], 111; P =
54).

Data could be obtained for 63% of the participants regarding
Medicaid status. Of these participants, 52% in the earlier-identi-
fied group and 42% in the later-identified group qualified for
Medicaid. The proportion of families in each group receiving
Medicaid did not differ significantly (t, 0.95; df, 93; P = .35),

Hearing Loss

All of the participants had congenital, bilateral hearing loss.
Specific hearing threshold data were available for 120 of the 150
children. In the earlier-identified group, the participants’ better
ear pure tone average (ie, the average of the hearing thresholds at
500, 1000, and 2000 Hz) ranged from 27 decibels (dB) to 110+ dB
(median = 58 dB). For the later-identified group, better ear pure
tone averages ranged from 30 dB to 107+ dB (median = 67 dB),
with the exception of 1 child who had a pure tone average of 22 dB
and mildly decreased hearing in high frequency range.

The participants’ severity of hearing loss (based on the pure
tone average in the better ear) was categorized as mild (26-40
decibels hearing level [dB HL[), moderate (41-55 dB HL), moder-
ate-severe (56-70 dB HL), severe (71-90 dB HL), or profound (>90
dB HL). The proportion of children in each of these categories for
each age-of-identification group is presented in Table 1. The fre-
quency distribution by hearing loss category was not significantly
different when comparing the two age-of-identification groups (x*
=3.09;df = 4; P = 54).

Mode vof Communication

Information regarding the mode of communication used by the
family was available for all of the participants. In the earlier-
identified group, 46% of the children were from families that
communicated using a combination of sign language and spoken
language; 54% were in families that used spoken language only. In
the later-identified group, a combination of sign and spoken lan-
guage was used by 54% of the families with only spoken language
used by 46%. The distribution by mode of communication was not
significantly different when comparing the two age-of-identifica-
tion groups (¥ = 0.96; df = 1; P = .33).

Cognitive Status and Additional Disabilities

The participants’ cognitive status was estimated using the Play
Assessment Questiornaire.® Age scores from this measure were
transformed to cognitive quotients (CQs) by dividing the age score
by the child’s chronologic age and multiplying by 100. The CQs
for this group of children ranged from 22 to 141. The mean CQ for
the earlier-identified group was 88 with a SD of 23; for the later-
identified group, the mean was 76 (SD = 19). A between-group ¢
test revealed that the two groups differed significantly in cognitive
skills (¢, 3.52; df, 148; P < .01}). This statistical difference was
addressed in two ways. First, CQs were used as a covariate in all
analyses. Additionally, comparisons between the earlier- and lat-
er-identified groups were conducted separately for the 65 partic-
ipants with cognitive delay and the 85 participants without cog-
nitive delay.

The presence of disabilities in addition to hearing loss was
reported by the parent and the service provider. Forty-seven
percent of the children in the carlier-identified group and 41% of
the children in the later-identified group were reported to have
one or more additional disabilities. The difference between the
two groups in the proportion of children with additional disabil-
ities was not significant (¢, 0.75; df, 139; P = 45).

Procedures

All of the participants were assessed between the ages of 13 and
36 months. The children were divided into four groups based on
their chronologic age at the Hime of testing. Table 1 presents the
number and percentage of children within each age-of-identifica-
tion group who fell into each of these four age ranges.

As part of a comprehensive developmental evaluation, the
primary caregiver of each participant completed the Minnesota
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Child Development Inventory (MCDD).® The 1974 version of this
assessment was used for this study because data collection was
begun before 1992 when the revised version became available.

The MCDI is a standardized instrument that assesses the de-
velopment of children from 6 months to 6 1/2 years of age. It is
composed of 320 items divided into eight scales that evaluate
different areas of development. In the present study, two of these
scales, expressive language and comprehension-conceptual, were
examined. The expressive language scale consists of 54 items that
measure expressive communication from simple gestural, vocal,
and verbal behaviors to complex language expression. The com-
prehension-conceptual scale consists of 67 items that measure
language comprehension from simple understanding to concept
formulation. Parents complete this assessment by indicating
which of the listed behaviors they have observed in their child.

This parent-report measure offers several advantages over ad-
ministered assessments. First, this methodology takes advantage
of parents’ extensive knowledge about their child’s language abil-
ity. Also, the measure is not subject to the influence of factors, such
as fatigue or lack of familiarity with the examiner, that frequently
limit a young child’s performance during an administered assess-
ment.

The reliability or internal consistency of each MCDI scale has
been measured by the test’s authors for specific age groups using
the split-half method.® For the expressive language scale, reliabil-
ity coefficients ranged from 0.54 to 0.92 (median = 0.88). The
reliability of this scale for the present sample was computed using
Cronbach’s @ and a coefficient of 0.94 was obtained. For the
comprehension-conceptual scale, the test’s authors obtained reli-
ability coefficients ranging from 0.43 to 0.93 (median = 0.89) for
the normative sample. For the sample of children in this study, a
reliability coefficient of 0.95 was obtained.

There are extensive data supporting the concurrent and predic-
tive validity of the MCDI language scales with both typically
developing children and with children who have a variety of
special needs.*~% Significant correlation coefficients of 0.51 to 0.79
have been obtained between the MCDI Expressive Language and
Comprehension-Conceptual Scales and the verbal scale of the
McCarthy Scales of Children’s Abilities.*~% Significant correla-
tions also have been found between the MCDI Expressive Lan-
guage Scale and the Reynell Developmental Expressive Language
Scale (r = 0.50) and the MCDI Comprehension-Conceptual Scale
and the Reynell Developmental Receptive Language Scale (r =
0.52).% Tomblin, et al” compared a group of typically developing
children’s scores on the MCDI language scales with performance
on the Sequenced Inventory of Communication Development and
to the child’s mean length of utterance (MLU) during a spontane-
ous language sample. All comparisons yielded significant corre-
lations that ranged from 0.34 to 0.68.

Concurrent validity of the MCDI for a subsample of children
(n = 109) in the present study was examined by correlating MCDI
age scores with the child’s MLU during a 25-minute interaction
with his or her primary caregiver. Significant correlations (P < .01)
of 0.76 and 0.78 were obtained between MLU and the expressive
language and comprehension-conceptual scales, respectively. Va-
lidity was also measured by comparing the total words in the
child’s expressive lexicon from the MacArthur Communicative
Development Inventory® with the MCDI language scores. Both
the expressive language and comprehension-conceptual scales
were significantly related to the MacArthur inventory (n = 136;
r = 0.74 and r = 0.76, respectively; P < .001).

Statistical Analysis

To examine the participants’ language abilities, language quo-
tients (LOs) were derived for each child. These were calculated by
dividing the child’s age score on each MCDI subtest by his or her
chronologic age and then multiplying by 100. Children whose
language age matched their chronologic age received an LQ of
100. LQs for children whose language level was below their chro-
nologic age were «<100; LOs >100 indicated that the child’s lan-
guage age was greater than his/her chronologic age. Three LQs
were obtained for each participant: a) an expressive LQ based on
scores from the MCDI Expressive Language Scale; b} a receptive
LQ based on scores from the MCDI Comprehension-Conceptual
Scale; and c) a total LQ, calculated specifically for this study,
which was obtained by averaging each participant’s receptive and
expressive LQ scores.

Cognitive ability, based on the Play Assessment Question-
naire,” was found to have high positive correlations with the
participants’ MCDI expressive and receptive language scores (r =
0.75, P < .01; and r = 0.74, P < .01, respectively). Because of this
strong relationship between cognitive ability and the outcome
measure of this study (ie, language scores) and because the two
age-of-identification groups demonstrated significantly different
cognitive ability, CQs were used as a covariate in all comparisons
between the two groups.

The primary purpose of the statistical analyses in the present
study was to compare the language abilities of the earlier- and
later-identified groups. The question of whether or not the differ-
ences, if they were found, were consistent across a variety of
demographic subgroups was also addressed. To obtain this infor-
mation, eight separate analyses of covariance (ANCOVAs), cova-
rying for cognitive ability, were performed. In each analysis, the
total LQs of the two age-of-identification groups was compared.
Additionally, each ANCOVA included a main effects comparison
between different levels of a specific demographic variable (eg,
males versus females). The interaction between the main effect
and the effect of the demographic variable was examined to
determine if the differences in age of identification were constant
across the different levels of the demographic variable (eg, to
determine if the age of identification effect existed for both males
and females).

To determine if age of identification had a differential effect on
children with normal versus low cognitive ability, the effect of age
of identification was examined within two cognitive-ability sub-
groups as well as in the group as a whole. One cognitive-ability
subgroup included children with normal cognitive skills and the
other included participants with low cognitive skills. A CQ of 80
was selected as the cutoff to categorize participants into a normal-
or low-cognition group. Using this criterion, 29% of the children in
the earlier-identified group and 56% in the later-identified group
were placed in the low-cognitive ability category.

Within each cognitive-ability group, strong positive correla-
tions were obtained between cognitive and language ability (r
ranged from 0.73 to 0.75, P < .01) across the two cognitive groups
and the three language measures. For this reason, cognitive ability
continued to be used as a covariate, even when comparisons were
made within the normal- or low-cognition groups. Additionally,
for each ANCOVA, the cell means were calculated adjusting for
cognitive ability to protect against possible imbalances in the
specific cognitive scores of the children in the earlier- and later-
identified groups.

This investigation was approved by the Human Subjects Re-
view Board at the University of Colorado-Boulder.

TABLE 2. Results for Analyses of Covariance for Total Group: Language Quotient Scores by Age of Identification of Hearing Loss
Language Scale Age of Identification Adjusted Standard Effect for Age of
Mean Deviation Identification -
F[1,147] P
Receptive By & months 79.6 258 254 <.001
After 6 months 64.6 209
Expressive By 6 months 78.3 26.8 258 <.001
After 6 months 63.1 19.8
Total language By 6 months 79.0 256 295 <.001
After 6 months 63.8 19.3
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Fig 1. Adjusted mean total language quo-
tients for groups based on age of identifica-
tion of hearing loss.
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RESULTS
Total Group

Children with hearing losses identified by 6
months of age had significantly higher LQs than
those children whose hearing losses were identified
after 6 months of age. This effect was found for their
receptive LQs (F[1,147] = 254; P < .001), expressive

20.9) for receptive language, 63.1 (SD = 19.8) for
expressive language, and 63.8 (SD = 19.3) for total
language (see Table 2).

The average age of identification for children in
the later-identified group ranged from 7 to 34
months (median = 16 months). To examine the effect
of age of identification on these children, the partic-

LQs (F[1,147] = 258; P < .001), and total LQs ipants were divided into four age-of-identification
(F[1,147] = 29.5; P < .001). Children who were iden-  groups: a) 7 to 12 months (n = 25), b) 13 to 18 months
tified earlier had adjusted mean LQs of 79.6 (SD = (7 = 23), ¢) 19 to 24 months (n = 16), and d) 25
25.8) for receptive language, 78.3 (SD = 26.8) for  months or later (n = 14). Adjusted mean expressive
expressive language, and 79.0 (SD = 25.6) for total ~ LQs by group were: a) 58.5 (SD = 21.2)b)58.2 (SD =
language. Children who were identified after 6 184), ¢) 60.5 (SD = 20.3), and d) 55.8 (5D = 20.2).
months of age had adjusted mean LQs of 64.6 (SD =  Adjusted mean receptive LQs by group were: a) 57.8

TABLE 3.  Results of Analyses of Covariance for Children With Normal Cognition: Language Quotient Scores by Age of Identification
of Hearing Loss
Language Scale Age of Identification Adjusted Standard Effect for Age of
Mean Deviation Identification
F{1, 82] P
Receptive By 6 months 922 199 5 <.001
After 6 months 71.7 19.7
Expressive By 6 months 90.5 21.9 258 <.001
After 6 months 68.7 203
Total language By 6 months 91.3 19.8 29.6 <.001
After 6 months 70.2 185
TABLE 4. Results for Analyses of Covariance on Total Language Quotient by Demographic Variable and Age of Identification of

Hearing Loss for Children With Normal Cognition

n Age of ldentification Demographic Measure Interaction of Age of
Identification and

Demographic Measure

F df P F df P F df P

Gender 85 306 1, 80 <.01t 42 1, 80 .04* 1.0 1,80 33

Ethnicity 85 23.5 1, 80 <.01t 3.9 1, 80 .06 0.1 1, 80 75

Mother’s education 67 17.7 1, 62 <.01% 0.1 1, 62 79 0.2 1, 62 67

Medicaid recipient 54 4.8 1, 49 03 0.01 1,49 93 0.4 1,49 .50

Degree of hearing loss 74 15.0 1, 63 <.01t 0.4 4, 63 .79 0.4 4, 63 84

Mode of communication 85 285 1, 80 <.01t 3.7 1, 80 .06 0.01 1, 80 92

Multiple handicaps 81 219 1,76 <.01t 02 1,76 65 0.6 1,76 45

Age at data collection 85 30.3 1,76 <.01t 22 3,76 .09 0.2 3,76 89
*P < Q5.
tP < .01
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Fig 2. A, Adjusted mean total language quotients for the earlier- and late identified groups by demographic category for children with
normal cognition. B, Adjusted total mean language quotients for the earlier- and later-identified groups by demographic category for

children with normal cognition.

(SD = 24.0), b) 61.6 (SD = 21.2), ¢) 62.9 (SD = 15.7),
and d) 57.1 (SD = 19.6). Adjusted mean total LQs
were a) 58.2 (SD = 21.3), b) 59.9 (SD = 18.6), c) 61.8
(SD = 17.3), and d) 56.5 (SD = 19.1). Total LQs for
each group are presented in Fig 1. The mean LQs for
the four later age-of-identification groups were com-
pared using a separate univariate ANCOVA, with CQs
as the covariate, for each of the three language mea-
sures (receptive, expressive, and total). In all three anal-
yses, no significant differences in language ability were
found among the four later age-of-identification groups
(expressive language: F[3,73] = 0.18, P = .91; receptive
language: F[3,73] = 042, P = 74 total language:
F[3,73] = 0.29, P = .84). To examine the relationship
between LQs and age of identification in the later-
identified group further, Pearson product moment cor-
relations were calculated. No significant correlations
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were found for these later-identified children between
age of identification and any of the three LQs (expres-
sive language: r = —0.06, P = .64; receptive language:
r = -—-0.06, P = .60; total language: r = —0.06, P = .60}.

Children With Normal Cognitive Ability

Children with normal cognitive ability whose
hearing losses were identified by 6 months of age
had significantly higher LQs than children with nor-
mal cognitive ability whose hearing losses were
identified after 6 months of age. This effect was
found for their receptive LQs (F{1.82] = 245, P <
.001), expressive LQs (F,[1,82] = 25.8, P < .001), and
total LQs (F[1.82] = 29.6, P < .001). Children who
were identified earlier had adjusted mean LQs of
922 (SD = 19.9) for receptive language, 90.5 (SD =
21.9) for expressive language, and 91.3 (SD = 19.8)
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Fig 2. Continued.

for total language. In contrast, the later-identified
group had adjusted mean LQs of 71.7 (SD = 19.7) for
receptive language, 68.7 (SD = 20.3) for expressive
language, and 70.2 (SD = 18.5) for total language (see
Table 3).

To determine if earlier identification was associ-
ated with higher total LQs only for children with
specific demographic characteristics, the effect was
examined in a variety of subgroups of the current
sample. This analysis was accomplished by conduct-
ing a series of eight two-way ANCOVAs with CQs
used as the covariate. In each ANCOVA, the main
effect of age of identification was tested. The second
main effect tested was a demographic variable fre-
quently associated with language ability. Specifi-
cally, the effect of one of the following demographic
variables was assessed in each of the eight ANCO-

Downloaded from www pediatrics.org at Ebling Library, University of Wisconsin-Madison on Marcfﬂ%?&%&gs

VAs: gender, minority status, maternal level of edu-
cation, Medicaid status, degree of hearing loss, com-
munication mode, presence of additional disabilities,
and participants’ age at the time of testing. A signif-
icant main effect for age of identification was found
for all eight ANCOVAs (see Table 4 for specific F, p,
and n values). Of the eight demographic variables
tested, only gender yielded a significant main effect
with males obtaining significantly higher total LQs
than females (F[1,80] = 4.2, P < .05). Further analysis
revealed that the MCDI adjusted age scores by gen-
der because in the normative sample for this test,
males demonstrated slower language development
within this age range. Thus, the same raw score
yielded a higher language age for a male than for a
female. No significant differences were found be-
tween the raw scores of the female participants in
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Fig 3. Discrepancy between cognitive quotient and language
quotient by age of identification of hearing loss for children with
normal cognition.

this study and the male participants (receptive lan-
guage: t, 0.37; df, 148; P = .72; expressive language: {,
0.18; df, 148; P = .86; total language: ¢, 0.27; df, 148;
P = .79). In all eight ANCOVAs, there was no sig-
nificant interaction between age of identification and
the demographic variable. Thus, the age of identifi-
cation effect was consistent across all of the demo-
graphic subgroups tested. These results are illus-
trated graphically in Figs 2A and 2B where it also can
be seen that for each demographic subset of the
earlier-identified group the mean LQs were within
the normal range (mean LQs = 82.4 to 98.8).
Hearing children typically demonstrate language
skills that are commensurate with their cognitive
abilities. This relationship has not been found among
children with hearing loss. Significant differences
between performance intelligence and language abil-
ity consistently have been found for school-aged chil-
dren with significant hearing loss.*** To examine
this relationship in the two age-of-identification
groups, the participants’ LQs were subtracted from
their CQ. Depending on the LQ used (ie, receptive,
expressive, or total), these mean difference scores
ranged from 5 to 7 quotient points for the earlier-
identified group and from 24 to 26 points for the
children who were identified later (see Fig 3). The
cognitive-linguistic difference scores were used in a
2 X 3 mixed-design multivariate analysis of variance.

TABLE 5. Results for Analyses of Covariance for Children
With Low Cognition: Language Quotient Scores By Age of Iden-
tification of Hearing Loss

Language Scale/ Adjusted  Standard Effect for
Age of Identification Mean Deviation Age of
Identification
F[1,621 P
Receptive
By 6 months 60.4 214 3.7 06
After 6 months 51.8 189
Expressive
By 6 months 58.8 209 3.0 09
After 6 months 51.7 17.5
Total language
By 6 months 59.6 20.6 38 .05
After 6 months 51.7 17.3
1168
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For this analysis, age of identification was the be-
tween-subjects factor and type of language measure
used in the difference calculation (receptive, expres-
sive, or total) was the within-subjects factor. This
analysis resulted in a large effect by age of identifi-
cation (F[1,83] = 23.5, P < .001) and no significant
effect for type of language measure (F[2,166] = 2.15,
P = .12). The interaction of age of identification by
type of measure was not significant (F[2,166] = 0.5,

= 6) indicating that the age of identification effect
was consistent across the three (receptive, expres-
sive, and total) cognition-language difference scores.
The large difference between the later-identified chil-
dren’s CQ and LQ (CQ - LQ) indicates that the
language skills of these children’s are much poorer
than would be expected given their cognitive ability.

Children With Low Cognitive Ability

Children with CQs below 80 whose hearing losses
were identified by 6 months of age had an adjusted
mean receptive LQ of 60.4 (SD = 21.4), an expressive
LQ of 58.8 (SD = 20.9), and a total LQ of 59.6 (SD =
20.6). These means contrast with the means for the
later-identified group that were 51.8 (SD = 189) for
receptive language, 51.7 (SD = 17.5) for expressive
language, and 51.7 (SD = 17.3) for total language (see
Table 5). Differences between the two age-of-identifica-
tion groups were not statistically significant when re-
ceptive or expressive LQs were used as the dependent
measure (receptive language F[1,62] = 37, P = .06
expressive language: F[1,62] = 3.0, P = .09). When total
language score was the dependent variable, the age-of-
identification effect was significant (F[1,62] = 3.8,

= .05).

Similar to the results for children with normal
cognitive ability, the discrepancy between the partic-
ipants” CQ and LQ was significantly higher for the
later-identified group (F[1,63] = 4.31, P < .05). As
shown in Fig 4, the earlier-identified group had LQs
that were remarkably similar to their CQs; the mean
difference in the two quotients was <3 points. In the
later-identified group, the mean gap between the
children’s CQ and LQ was 10 points. Thus, the ear-
lier-identified group performed linguistically as well
as would be expected given their cognitive ability,
whereas the later-identified children demonstrated
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Fig 4. Discrepancy between cognitive quotient and language
quotient by age of identification of hearing loss for children with
low cognition.
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language skills that were below cognitive-level ex-
pectations.

Interestingly, for those participants who were
tested at 31 to 36 months age, the mean total LQ of
the earlier-identified low-cognition group (11 = 6)
was almost identical with the mean of the children
with normal cognition who were identified later (n =
8). As shown in Fig 5, the mean total LQ for both of
these groups was between 71 and 72.

DISCUSSION

In this study, a group of children whose hearing
losses were identified by 6 months of age demon-
strated significantly better receptive and expressive
language skills than did children whose hearing
losses were identified after the age of 6 months. This
language advantage was evident across age, gender,
socioeconomic status, ethnicity, cognitive status, de-
gree of hearing loss, mode of communication, and
presence/absence of other disabilities. The language
difference between the two age-of-identification
groups was so large that the mean performance of
the earlier-identified children was almost a full SD
higher than the mean performance of later-identified
children.

In this study, there was no significant difference
between the earlier- and later-identified children on
a wide variety of demographic variables frequently
associated with language ability. In addition, on the
average, both groups of children received interven-
tion services within several months of the identifica-
tion of their hearing loss. These services were pro-
vided by the same agency for the vast majority of
children in both groups, and, once intervention was
initiated, both groups received the same type and
intensity of service. Despite the many similarities
between the two groups, there were two identified
variables on which the groups differed, ie, age of
identification (and subsequent intervention) and
cognitive ability. Differences in the participants’
cognitive abilities were controlled statistically in all
analyses. Thus, the remaining variable (age of iden-
tification and subsequent intervention) must be con-
sidered as a possible explanation for the language
differences noted at 1 to 3 years of age.

Larlier [dentification/
Normal Cognition...... ...

Later ldentifications
Normal Cognition...............

Fig 5. Mean total language quotient scores at 31 to 36
months by age of identification of hearing loss and
cognition.

Later {dentification/
Low Cognition ...
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To provide the most solid evidence that early iden-
tification and subsequent intervention impacts later
language ability, a controlled, prospective investiga-
tion with random assignment to early- versus late-
identified groups and treatment versus no-treatment
groups might be proposed. Presently, such a study is
not feasible for several reasons. First, random assign-
ment to groups based on time of identification is not
possible in an increasing number of states because of
recent legislative mandates to screen the hearing of
all newborns. Even in those states without universal
hearing screening programs, parental cooperation
for such a study is likely to be quite low. Under the
Individuals with Disabilities Education Act, families
are entitled to a timely evaluation if they suspect
their child has a disability. Once parents become
suspicious that their child has a hearing loss, it is
unlikely they would be willing to delay an evalua-
tion even if they previously had consented to being
placed in a late-identification group.

Soliciting participation in a study that might result
in assignment to a no-treatment (or delayed-treat-
ment) group also is likely to meet with substantial
parental resistance. This is because, in addition to
timely assessment, the Individuals with Disabilities
Education Act stipulates the provision of prompt
intervention services after a disability is identified. It
is likely that most parents would not be willing to
delay these federally-guaranteed services for their
child in the interest of research.

Because of the obstacles to randomly assigning
children to early- and late-identification/interven-
tion groups, the topic of early identification and in-
tervention must be explored through descriptive
studies using naturally occurring groups of children.
The results of such descriptive studies become more
powerful when they are replicated by a variety of
different researchers with independent samples of
children. Such is the case with the present question.
The language advantage reported in this study for
children who were identified earlier is consistent
with several previous studies on the early identifica-
tion of hearing loss. White and White,?® Robinshaw,?
Moeller,® and Apuzzo and Yoshinaga-Itano® all
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have reported significantly better language scores for
children whose hearing losses were identified earlier.

In the present investigation, and in all four studies
documenting a language advantage for the earlier-
identified group, children received early interven-
tion services shortly after their hearing losses were
identified. It is unlikely that language differences of
the magnitude documented in these studies would
occur simply by identifying hearing loss early; early
identification alone is unlikely to result in improved
outcomes if it is not followed by early intervention.

Research on school-aged children with severe-to-
profound hearing losses indicates a 40-point discrep-
ancy between performance intelligence scores (mean
of 100) and verbal intelligence scores (mean of
60)%°4; even academically successful deaf students
demonstrate a 20-point discrepancy. It is interesting
that a cognitive-language quotient discrepancy was
already present by 3 years of age in the later-identi-
fied children in this study, raising the possibility that
the cognitive-linguistic gap previously reported in
school-aged children may have its roots in the first
year of life.

In the four previous investigations that have noted
better language skills in early-identified children, the
average age of identification for the early group was
below 12 months of age (with three of the four stud-
ies defining early identification as before 3 to 6
months of age). In the present study, there was no
significant difference in language scores between
four subgroups of later-identified children who were
divided sequentially according to age of identifica-
tion (from 7 months to greater than 25 months of
age). This may explain the results of a previous study
that examined the contribution age of intervention
makes to later language ability and failed to find any
significant contribution.” In that study, 91% of the
children began intervention some time before 3 years
of age. Specific information regarding the distribu-
tion by age of intervention was not provided; how-
ever, unless a large proportion of the children began
intervention in the first 6 months of life, this study is
consistent with the results of the present investiga-
tion. That is, the present findings, and the pattern
that has emerged from previous studies, suggest that
for an earlier-identified group to demonstrate signif-
icantly better language skills than a later-identified
group, identification must truly occur early (ie,
within the first 6 months of life).

Before the advent of universal newbom hearing
screening programs, identifying hearing loss by 6
months of age was rarely accomplished. Parents gen-
erally do not suspect a hearing loss until their child
fails to meet important speech and language mile-
stones at 1 to 2 years of age. Also, screening pro-
grams that only test infants who present with one or
more risk factors for hearing loss are typically testing
only ~50% of children who actually have a hearing
loss.}34142 These factors have resulted in an average
age of identification of 11 to 19 months for children
with known risk factors for hearing loss®'74** and
15 to 19 months for children without apparent
risk. 17434

Taken as a group, previous and present research
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findings suggest that the first year of life, especially
the first 6 months, is critical for children with hearing
loss. When hearing loss was identified and treated by
this time, several independent researchers have re-
ported that, as a group, children demonstrated aver-
age language scores that fell within the normal range
when they were 1 to 5 years old.®* This finding is
encouraging and suggests that early identification
and subsequent intervention is associated with im-
proved language development in deaf and hard-of-
hearing children. If this is the case, it is critical that all
infants with hearing loss be identified by 6 months of
age and receive early intervention; universal new-
born hearing screening would be an excellent vehicle
for achieving this goal.
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ly-intervention services are variables that need to be
considered when interpreting results.5%0 Like earlier
studies, this study has a confound in that later-en-
rolled groups received less intervention service than
the earlier-enrolled children. However, the findings
of this study suggest that late identification (result-
ing in late access to service) is associated with sig-
nificant language delays that are difficult to resolve
by age 5 years for most children with hearing loss. It
may be argued that late identification simply leaves
insufficient time to address the language needs of
children so that they are linguistically prepared for
school entry. Children who enter school with signif-
icant delays in language skills are at a distinct dis-
advantage and may encounter difficulties in academ-
ics, social-emotional development, and self-esteem.

Children in the best circumstances in this study
attained only low average scores in verbal reasoning.
This result may reflect consequences of limitations in
early access to language models. Some have conjec-
tured that the first 6 months of life may represent a
particularly sensitive period of development.! The
consequences of limited exposure to language dur-
ing this time are not yet understood.

It is also important to consider that the majority of
children in this study were not identified through
newborn-hearing screening mechanisms. The aver-
age age of identification was 18 months and the
average age of enrollment in services was a discour-
aging 22 months. Furthermore, only 24 of 112 sub-
jects in this study were identified before 11 months of
age and of those, only 20 were identified before 6
months of age. This study needs to be replicated with
a population including a larger cohort of children
identified through newborn-screening programs. It
is possible that the influence of age of identification
will be found to be even greater as more children
gain access to early intervention through universal
newborn-hearing screening programs. The findings
of this study also support the argument that high-
risk-screening approaches are ineffective in identify-
ing the full population of children needing early
intervention services. In summary, there is need for
proactive management. Children will benefit from
early identification that is paired with comprehen-
sive interventions that actively involve family mem-
bers.

APPENDIX

Early Intervention Efficacy Project: Family Participation
Rating Scale

In an effort to understand variables that influence the progress
of young deaf/hh children, I am attempting to characterize the
quality/level of family participation that existed in individual
children’s programs in our comumunity. [ am asking that 2 educa-
tors who worked directly with the families involved assign a
rating to describe the level of family involvement. To aid this
process, I have provided a verbal case description that represents
each rating of 1 to 5. On this continuum, a rating of 1 represents
limited involvement (far below average). A rating of 5 represents
ideal involvement. You will notice on the rating form there is a
place to indicate how well you recall the family (eg, you are
indicating how confident you feel in assigning a rating). You are
asked to indicate if your recall is good, okay, or questionable. If
you believe that you are not familiar enough with a particular
family, then do not assign a rating at all.
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Rating Scale Descriptors
Rating of 5 (Ideal Participation)

Family seems to have made a good adjustment to the child’s
deafness. The family is able to put the child’s disability in per-
spective within the family. Family members actively engage in
sessions. They attend sessions and meetings regularly and pursue
information on their own. They serve as effective advocates for
their child with professionals/school districts, etc. Family mem-
bers become highly effective conversational partners with the
child and serve as strong and constant language models. Family
members become fluent/effective users of the child’s mode of
communication. They are capable of applying techniques of lan-
guage exparsion. Extended family members are involved and
supportive.

Rating of 4 (Good Participation)

Family members make a better than average adjustment to the
child’s deafness. Family members regularly attend parent meet-
ings and sessions. Parents take an active role (perhaps not the
lead) in Individual Family Service Plans and Individual Education
Plans. Family members serve as good language models for the
child and make an effort to carry over techniques at home. Some
family members have fairly good facility in the child’s communi-
cation mode and/or in techniques for language stimulation. Ef-
forts are made to involve extended family members.

Rating of 3 (Average Participation)

Family is making efforts to understand and cope with the
child’s diagnosis. Family members participate in most sessions/
meetings. Busy schedules or family stresses may limit opportuni-
ties for carryover of what is learned. Family may find manage-
ment of the child challenging. Family attends Individual Family
Service Plan and Individual Education Plan meetings but may rely
primarily on professional guidance. Family attempts to advocate
but may be misdirected in some of their efforts. Selected family
members (eg, mother) may carry more than their share of respon-
sibility for the child’s communicative needs. Family members
develop at least basic facility in child’s communication mode.
Family members are willing to use language expansion techniques
but need ongoing support and direction.

Rating of 2 (Below Average)

Family struggles in acceptance of the child’s diagnosis. The
family may be inconsistent in attendance. They may be inconsis-
tent in maintaining the hearing aids and keeping them on the child
outside of school. They may have some significant life stressors
that interfere with consistent carryover at home. Management of
the child presents daily challenges to the family. Communicative
interactions with the child are basic. Family lacks fluency in the
child’s mode of communication.

Rating of 1 (Limited Participation)

Family faces significant life stresses that may take precedence
over the child’s needs (eg, domestic abuse, homelessness). Family
has limited understanding of deafness and its consequences for
the child. Participation may be sporadic or less than effective.
Parent/child communication is limited to very basic needs.
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TABLE 4. Zero-Order Correlations Between Background Variables and Verbal Reasoning
] Verbal PTA Nonverbal Family Aget
Reasoning 1IQ Involvement Enrolled
Verbal reasoning 80 ~.251 161 610* -.310*
PTA 80 -.088 046 006
Nonverbal IQ 63 227 -.067
Family involvement 80 -.276
Age enrolled 80
*P < .0L

+ Age enrolled was the age at which children began in the early intervention program. Children
typically entered the program shortly after amplification was fit or were in the process of amplification

fitting at the time of enroliment.

particularly poor language outcomes at 5 years of
age. Children from at-risk families may be particu-
larly susceptible to the consequences of later identi-
fication and enrollment.

The results underscore the point that the best out-
comes are attained when families become involved
and when intervention is initiated early. The early
provision of intervention services may provide fam-
ilies the support they need to become actively in-
volved in promoting the child’s linguistic develop-
ment. More in-depth understanding of the ways in
which specific family factors interact with other
background variables (such as age of enrollment)
will inform early intervention practices. For example,
the possible contribution of socioeconomic status to
level of family involvement should be explored in
future studies. Calderon®® recently reported from a
study of 28 deaf/hh children that socioeconomic sta-
tus was a marginally significant predictor of mater-
nal communication. She hypothesized that mothers
from higher socioeconomic conditions may have ac-
cess to more resources that support their develop-
ment of communicative skills with the child.

In the present study, 47% of the families enrolled
were rated as above average to ideal in their involve-
ment in the intervention program. It is unclear how
representative this population of families is of pop-
ulations in other areas of the country. In some ways,
this population may be atypical in that some families
moved to the community to access services for their
profoundly deaf children. This may have contributed
to the greater number of profound children in the
sample and some bias toward highly motivated fam-
ilies within the group.

It should be noted that children from families
rated average or below in this sample obtained lan-
guage scores at age 5 years that fell consistently
below the average range. This suggests the need to
involve families in intervention to foster optimal out-
comes. This conclusion is supported by the findings
of Calderon®® cited above. She found that school-
based parental involvement (eg, participation in in-
dividual educational plan meetings, parent meet-
ings, etc) predicted early reading skills. However,
maternal communicative skills were even more pre-
dictive of language and literacy. She emphasized that
maternal communicative skill is a strong aspect of
parental involvement, given that a parent must be
highly involved to develop effective mutual commu-
nication with a deaf/hh child. In the present study,
the family involvement rating scale incorporated
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both notions of participation in program-related
meetings and quality of communicative interactions
with the child. The present study supports the con-
clusion of Calderon®® that professionals should ac-
tively involve parents with the goal of enhancing
their communicative skills with the child.

Prospective research is needed to examine how
interventions can be configured to result in active
participation from the majority of enrolled families.
It has also been pointed out that children who are
identified late receive a limited duration of early
intervention services in comparison to early-identi-
fied peers with hearing loss.?” The results of the
present study suggest that starting intervention late
is not optimal for children or families.

A limitation of the present study is that language
was examined only in relation to vocabulary and
verbal reasoning skills. Language involves a host of
skills in the areas of syntax, semantics, pragmatics,
and phonology. Vocabulary and verbal reasoning
skills were a highly specific focus of the 2 interven-
tion programs studied. The results do not address
qualitative differences that may exist between the
participants and their hearing peers on these or other
language measures. Cautious interpretation of per-
formance comparable to hearing peers is warranted
and prospective studies that include fine-grained
analysis of language in matched comparison groups
are needed. Prospective study of the family involve-
ment variable with more refined tools, which include
further construct specification, is also needed.

This study also found that degree of hearing loss
was not a significant predictor of language outcome.
This finding may have been influenced by the com-
position of the study population, which was skewed
toward greater degrees of hearing loss. However,
other authors have also reported the minimal contri-
bution of this variable to child language scores.!4 It
may be the case that with appropriate interventions,
degree of hearing loss becomes a relatively minor
predictor, at least for global measures of language
performance. It is likely that speech production abil-
ities may be influenced by degree of hearing, but
such measures were not included in this analysis.

It should also be noted that a difficult-to-control
confounding factor exists in studies that compare
early- and late-identified children. Later-identified
children and their families spend less time in inter-
vention (eg, less time with amplification, shorter du-
ration of service delivery) than their early-identified
counterparts. Duration, intensity, and quality of ear-
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from 80 to 99. Visual inspection of the results for
children in the category of high levels of family
involvement shows the strong contribution of this
variable to outcome. These children’s mean scores
did not fall below the average range. Children who
have the combined benefits of early enrollment and
strong family involvement ratings were consistently
the strongest performers (mean score = 99).

Verbal Reasoning

Verbal reasoning skills were assessed at 5 years of
age in a representative subgroup of 80 of the study
participants. Figure 3 illustrates the descriptive re-
sults for the participants. For purposes of data reduc-
tion, they are grouped by age of enrollment, in the
same manner as Fig 1. Their performance on the
abstract level of questions from the PLAI is com-
pared with 25th and 50th percentile scores (low av-
erage and average) for hearing children of kinder-
garten age (5 years, 0 months to 5 years, and 11
months of age). Test items were classified as abstract
based on guidelines from the test developer and
represent the most stringent criteria for comparison.
Only the earliest-enrolled children performed within
the low average range (mean = 143) or at the 25
percentile compared with hearing peers. Children
who were latest enrolled obtained scores on average
that reflected considerable difficulty responding to
any of the reasoning-based questions, and well be-
low the hearing students’ scores.

Correlations Between Verbal Reasoning and Other
Background Variables

Table 4 includes correlations between background
variables and verbal reasoning performance. A sig-
nificant positive correlation was found between fam-
ily involvement and verbal reasoning (r = .610; P <
.01) and a significant negative correlation was found
between age of enrollment and verbal reasoning
scores (r = —.310; P < .01).

Children from families rated as above average in
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Fig 3. Means and 95% confidence intervals of verbal reasoning
results for the most abstract level of questioning, grouped by age
of enrollment. The dashed lines signify the scores representing the
25th and 50th percentile scores for normal hearing children.
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involvement obtained a mean score of 1.5 on abstract
reasoning. Conversely, children from families rated
below average received a mean score of .31 on this
measure. These findings are comparable to the re-
sults for vocabulary, again suggesting the impor-
tance of the contributions of family involvement in
intervention. The findings also suggest that even in
the best circumstances (eg, early enrollment and
above average or ideal family involvement) the chil-
dren achieved abstract reasoning scores considered
low average compared with their hearing peers. This
result reflects important qualitative differences be-
tween these 2 groups of children.

DISCUSSION

In general the findings of this study are similar to
those of Yoshinaga-Itano et al,’ suggesting that early
enrollment in intervention contributes to positive
outcomes in language development. Children en-
rolled before 11 months of age had stronger vocab-
ulary and verbal reasoning skills at 5 years of age
than did later-enrolled children. These early-enrolled
children obtained mean scores in vocabulary at 5
years of age that were within the average range
compared with hearing age-matched peers. In con-
trast, average vocabulary scores for later-enrolled
children (eg, >24 months old) were 1.0 to 1.5 SD
below their hearing peers. These effect sizes are sim-
ilar to those reported by Yoshinaga-Itano et al.? Such
delays can be expected to interfere with academic
development and understanding in the classroom.

In the present study, early enrollment in services
was also associated with better verbal reasoning
skills at 5 years of age. Children who were enrolled
by 11 months of age scored within the low average
range (25th percentile) in comparison to hearing
peers when asked to respond to the most abstract
reasoning questions on the PLAI (eg, “Why, what
will happen if. .. ?”). Given the importance of both
vocabulary and verbal reasoning skills for literacy
development, these findings support the value of
identifying and enrolling children early in life.

It was found that the factors of family involvement
and age of enrollment explained significant amounts
of variance in language scores. These findings point
to the importance of both variables and to the strong
contributions families make to outcomes for chil-
dren. Some professionals have questioned whether
late-identified children will simply catch-up after the
initiation of intervention services. The results of this
study suggest that strong levels of family involve-
ment can buffer the effects of late enrollment to some
degree. As shown in Fig 2, the impact of late enroll-
ment on vocabulary skills is less in cases where fam-
ily involvement was rated 4 to 5. Children in this
study who showed a pattern of catching up were
from the most involved families.

Figure 2 also shows that early enrollment makes a
positive difference in vocabulary scores at age 5
years across all levels of family involvement. Earli-
est-enrolled children consistently performed better
than later-enrolled children, regardless of the level of
the family rating. However, the interaction of late
enrollment and limited family support resulted in
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TABLE 2. Zero-Order Correlations Between Background Variables and Vocabulary
n PPVT PTA Nonverbal Family Age of
1Q Involvement Enroliment
PPVT 112 -.033 .289* 646" —.464*
PTA 112 018 -.012 =111
Nonverbal 1Q 84 223 -.092
Family involvement 100 ~.204
Age of enrollment 112
*P< 0L
There was also a significant correlation between non-  TABLE 3. Summary of Regression Models for Age of Enroll-

verbal intelligence and vocabulary (r = .289; P < .01),
and as noted above, a statistically significant nega-
tive correlation was found between age of enroll-
ment and vocabulary scores (r = —.464; P < .01).
Degree of hearing loss was not significantly related
to vocabulary performance (r = —.033).

Regression Analyses

To explore further the relationships between fam-
ily involvement, age of enrollment, nonverbal intel-
ligence, and vocabulary skills, a series of linear hier-
archical multiple regressions were conducted. Before
formal analysis, the relationships were tested for
evidence of nonlinear components (cubic, quadratic
relationships) and were found to be linear. In the
regression analysis, the variable of interest is inten-
tionally excluded at step 1, and is then entered at step
2 to examine the unique variance it contributes,
while controlling for the other factors. Based on
the correlational results, family involvement, non-
verbal intelligence, and better ear PTA were entered
into the multiple regression as 1 step, with vocabu-
lary as the dependent variable. These factors together
accounted for 44.0% of the variance in children’s
vocabulary scores (R? = .440; F[3,79] = 19.93; P <
.01). Once age of enroliment was entered, all 4 vari-
ables accounted for a total of 55.5% of the variance in
children’s vocabulary scores (R* = .555; F[4,75] =
23.346; P < .01). R? change (.114) was significant (F
change = 19.237; P < .01) at step 2, indicating a
significant contribution of unique variance (11.4%)
by the age of enrollment factor over and above the
other factors.

In further regressions, the variables of family in-
volvement, nonverbal intelligence, and better ear
PTA were systematically separated out to determine
the unique variance each contributed to vocabulary
scores. Of all the variables, family involvement con-
tributed the most unique variance (35.2%; R?
change = .352; F change = 58.70; P < .01). A small
amount of unique variance was accounted for by
nonverbal intelligence (R2 change = .025; F change =
4.211; P = .044). Better ear PTA did not contribute
independent of the other factors included in the re-
gressions (R? change = .002; F change = 37, P =
.548). Table 3 summarizes the results of the regres-
sion models, showing the unique contributions of the
independent variables.

Analysis of Combined Effects on Vocabulary

For the children in this study, there seems to be an
important interaction between the factors of age of
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ment, Family Involvement, Nonverbal Intelligence, and Better Ear
PTA With Vocabulary as the Dependent Variable

Independent Vocabulary
Variabl
anables R? F  Significance  Partial
Change Change of F Correlations
Change
Age of enrollment 114 19.24 .000 ~.452
Family involvement 352  58.70 .000 615
Nonverbal 025 421 044 196
intelligence
Better ear PTA 002 37 .548 -.100
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Fig 2. Mean vocabulary scores plotted as a function of the two
key variables, age of enrollment and family involvement ratings.
The area above the horizontal dashed line represents the lower
end of the average range for normal hearing students (average
range is 100 = 15). The rating 4 to 5 (filled circle) represents the
highest levels of family involvement; 3 (filled triangle) represents
average family involvement; 1 to 2 {open square) represents below
average family involvement.

enrollment and family involvement. Figure 2 illus-
trates vocabulary scores as a function of both of the
contributing variables. The impact of latest identifi-
cations is particularly dramatic for children who
have average to low average family involvement
ratings. The mean vocabulary scores for children in
this situation ranged from 56.5 to 62.5, or >2 SD
below age expectations. Fig 2 also illustrates that
early enrollment in services was of benefit to lan-
guage learning, even with limitations in family in-
volvement. The mean scores for early-identified chil-
dren with various family involvement ratings ranged
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Did clues available in signs bias responses on this multiple choice
test?). In 92% of the cases, subjects’ scores were lower on the PPVT
than on the EOWPVT, making the PPVT a more conservative
estimate of performance overall. In addition, the PPVT was cor-
related with global measures of receptive and expressive lan-
guage, using the Preschool Language Scale-III3* or the Reynell
Developmental Language Scale® scores. Significant positive cor-
relations were obtained between the PPVT and receptive language
(r = 80; P < 01) and expressive language (r =.74; P < .01)
measures. The test authors note that for hearing children, the
PPVT correlates most highly with other measures of vocabulary
and moderately well with tests of verbal intelligence 4’

Verbal Reasoning Skills

Verbal reasoning skills were examined with the Preschool Lan-
guage Assessment Instrument (PLAI).5 This instrument was de-
signed to assess children’s ability to answer questions and to
respond to demands that range from simple (eg, What is this?) to
abstract (eg, Why can’t the boy fit this piece into the puzzle?). This
test had been administered to a representative subgroup of 80 of
the study participants. Children in this subgroup of 80 had mean
scores on all independent variables that closely approximated the
total subject group. Children’s responses were scored for accuracy
and quality according to test guidelines. Scores from participants
in this study were compared with performance data provided by
the test developers on 120 normal hearing preschoolers, who
ranged in age from 3 to 5 years.

Family Involvement Rating

A rating scale was developed to characterize the quality of
family participation in the intervention program. Family involve-
ment was rated retrospectively by early interventionists who had
extensive contact (eg, twice weekly home visits, weekly parent
meetings over a period of at least 2 years, and often over 4 years)
with the families in the study. Each family received a global rating
from 1 to 5 to reflect their participation in the intervention pro-
gram. Raters were given specific descriptions of characteristics
representing each category, before assigning their ratings (see
“Appendix”) and were asked to consider issues such as familial
adjustment, session participation, effectiveness of communication
with the child, and advocacy efforts in assigning their ratings.
Scores were assigned as follows: 1 = limited participation; 2 =
below average participation; 3 = average participation; 4 = good
participation; and 5 = ideal participation. At least 2 intervention-
ists who worked directly with the family were asked to indepen-
dently rate the levels of participation they had experienced with
the family.

Judgments were compared for interrater reliability. Complete
agreement was found when both raters assigned the same point
score. Categorical agreement was found when raters accurately
placed families into 1 of 3 categories (eg, 1-2 = below average; 3 =
average; 4-5 = above average). That is, raters agreed on the
category of assignment (and did not deviate by 2 or more points).
Judges were also asked to indicate their confidence in their ratings
(eg, by circling on the form questionable, okay, or good). Any
ratings judged as questionable were eliminated, leaving 100 rat-
ings for analysis. Cohen’s x was calculated to examine interrater
reliability for interventionists working in the auditory/oral and
TC programs. Coefficients for exact agreement were « = 802 for
the oral program and « = .896 for the TC program; categorical
agreements were k = .882 for the oral program and « = 94 for the
TC program. In the entire dataset, only 2 sets of judgments devi-
ated by 2 points on the scale. For the regression analysis, rater
disagreements were handled by assigning the average of the
scores of the 2 judges (eg, judgments of 1 and 2 resulted in a rating
of 1.5).

Statistical Analyses

Multiple regression models> were used in this study to explore
the collective and separate effects of the various factors on chil-
dren’s language outcomes at 5 years of age.

RESULTS

Vocabulary Skills

A statistically significant negative correlation of
r = —.46 (P < .01) was found between the variable of
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age of enrollment and vocabulary skills measured at
5 years of age. Thus, earlier enrollment in interven-
tion services was associated with significantly stron-
ger language outcomes at 5 years of age. Fig 1 illus-
trates the means and SDs for children entering at
various stages along the age of enrollment contin-
uum. On the PPVT, a standard score of 100 is con-
sidered average with an SD of * 15 (eg, standard
scores ranging from 85 to 115 are considered to be
within the limits of the average range).

Notably, there is a systematic decline in the mean
vocabulary standard score with increasing ages of
enrollment. Effect sizes were calculated to represent
the magnitude of this finding.5” The results indicated
an effect size difference of .69 between children en-
rolled before 11 months of age and those enrolled
between 11.1 and 23 months of age. The effect sizes
increased as the earliest-enrolled children are com-
pared with later enrollees, with differences of .99 and
1.6, respectively. Furthermore, the earliest-enrolled
children performed in the average range on the vo-
cabulary measure, compared with normally hearing
5 year olds, regardless of degree of hearing loss
(mean PPVT score = 94; standard error = 3.1).

However, it is also obvious from Fig 1 that there is
considerable variability in individual performances
along the age of enrollment continuum. It was of
interest to determine what factors may account for
such wide variability. As a first step in understand-
ing the relationships among the variables, correla-
tions between vocabulary and a variety of other mea-
sures were examined.

Relationships Between Vocabulary and Other Measures

Table 2 shows the Pearson product moment zero-
order correlations between the child and family
background variables and the children’s vocabulary
scores on the PPVT. Of the variables examined, the
strongest significant correlation was found between
family involvement and vocabulary (r = .646; P <
.01). This suggests that the more involved the family
with the child’s intervention program, the higher the
child’s vocabulary scores were at 5 years of age.
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Fig 1. Means and SDs of PPVT scores for subjects as a function of
age of enrollment in intervention.
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TABLE 1.  Demographic Characteristics of Study Sample
Characteristic No. Mean SD Range
Age of identification* 112 155 110 .00-4.53
Age at entry* 112 183 113 (03-453
Degree of hearing loss (ndB) 112 7775 2420  25-120
Mild (21-40 dB) 9 3084 543 2540
Mild to moderate (41-55 dB) 17 4880 433  41-55
Moderate (56-70 dB) 19 6361 383 5670
Severe (71-90 dB}) 20 8051 3509 71-88
Profound (91 dB +) 47 10190 556  91-120
Nonverbal IQ 84 10227 1416  70-147
Ages of enrollment* by
category
0-11 mo (.0-92 y) 24 45 27 03-091
11.1-23 mo (.93-1.92 y) 42 139 29 9319
23.1-35 mo (1.93-2.92 y) 24 237 31 19529
351+ mo (2.93+ y) 22 361 48 3.00-453

* Ages of identification and enrollment are expressed in years/
portions of years.

parental self-referral. They ranged in age of identification from the
second day of life to 54 months of age, with a mean of 1.55 years
(18 months). Age at amplification and enrollment in intervention
services ranged from .03 year (<1 month) to 4.53 years (54
months), with a mean of 1.83 years (22 months). The average time
that elapsed between age of identification and initiation of services
across the group of children was 3 months.

Degree of Hearing Loss

All of the children had congenital, bilateral sensorineural hear-
ing loss. Table 1 includes the number of participants within each
hearing loss category. Unlike the typical population of children
with hearing loss,? this distribution has a larger than expected
number of children in the profound category and relatively few
children in the mild hearing loss category. All children in the
study used binaural personal amplification at home and frequency
modulated (FM) amplification when involved in preschool ser-
vices (3-5 years of age), according to school and audiological
records.

Intervention Program

All children in this study were ernwolled in DEIP404! for 6
months after identification of hearing loss. This multidisciplinary,
family-centered program is designed to support families of re-
cently diagnosed children in identifying needs and making deci-
sions related to intervention options. Once a family completes the
initial intervention in DEIP, they are referred to the early inter-
vention program determined to be the most appropriate to meet
the needs of the child and family. In the population of children in
this study, 110/112 (98%) went on from DEIP to 1 of 2 local early
intervention programs that provided services from birth to 5 years
of age. Of this group, 59 attended an auditory/oral program and
51 attended a total communication (TC) program. Both programs
were specifically designed for deaf/hh children and implemented
similar curricular approaches for language intervention. The re-
maining 2 children lived in rural communities and were served by
the auditory/oral program on an outreach basis.

During early intervention, families received 1 to 2 home visits
weekly in addition to involvement in a parent support group.
Families learning to sign also had weekly family sign classes
available. The average duration of the family’s enroliment in the
birth to 3 years of age intervention program was 15 months. The
minimum participation in the birth to 3 years of age program was
0 (in cases of late identification after 36 months of age) and the
maximum participation was 35 months. After birth to 3 years of
age services, all children attended preschool programs that met
daily (3-5 years of age) in 1 of the 2 previously described inter-
vention programs. Attendance records were used to quantify each
farnily’s participation in these services.

Procedures

Audiological Measures

Comprehensive audiological evaluations were completed on
the children in this study at a minimum of é-month intervals
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during their time in the intervention program. Pure tone thresh-
olds were obtained with TDH-49 earphones (Telephonics Corp,
Huntington, NY) or ER-3A insert phones (Etymotic Research,
Indianapolis, IN) for the frequencies 250 through 8000 Hz bilater-
ally. The children also received regular listening checks of their
amplification by trained teachers and electroacoustic monitoring
of personal amplification and FM systems during audiologic eval-
uations. Better ear PTAs were calculated for the thresholds of 500
Hz, 1 kHz, and 2 kHz, regardless of configuration, with 115 dB
used as the calculation for no response thresholds. Audiograms
obtained after the child’s third birthday were used in all subse-
quent analyses.

Measures of Nonverbal Intelligence

All children in the study were seen for psychological evalua-
tions during their preschool years. Certified clinical psychologists
with expertise in working with deaf children administered non-
verbal intellectual measures or developmental assessments to the
study participants. The psychologist selected the test instrument
deemed to be most appropriate for the child, depending on his/
her age at the time of testing. Measurement tools included the
Weschler Preschool and Primary Scale of Intelligence,? the
Weschler Intelligence Scale for Children-II,% or the Hiskey-Ne-
braska Test of Learning Aptitude.** Nonverbal IQ scores were
derived in 84 of 112 cases. In the remaining 28 cases, the psychol-
ogist did not provide a formal test score, because of the child’s
young age at the time of testing. In these cases, the psychologist
used infant developmental measures, such as the Bayley Scales of
Infant Development** or the Hawaii Early Learning Profile® to
assess the developmental status of the child. In all of these cases,
the psychologist reported that the child had at least average intel-
ligence.

Language Measures

Children in this study were involved in regular, longitudinal
monitoring of developmental status as part of their comprehen-
sive early intervention programs. It is beyond the scope of the
present study to examine all of the measures that were completed
during the child’s enrollment in the intervention program. In-
stead, measures of vocabulary and verbal reasoning skills col-
lected at or near 5 years of age are the focus of the present
investigation. Each child was tested individually by a speech
language pathologist with additional training and experience in
working with children who are deaf/hh. Signing children in-
cluded in this study used a manual code of English (signing exact
English). Adults who tested these children were fluent in the
comumunication mode of the children, as determined through ob-
jective evaluation of staff sign language skills. All child language
scores were entered into the children’s archival records, which
were reviewed for the purposes of this retrospective analysis.

Vocabulary Skills

Participants’ vocab skills were assessed with the Peabody
Picture Vocabulary Test (PPVT), %748 an instrument commonly
used to measure receptive vocabulary for standard American
English. This test was standardized on children with normal hear-
ing and was not specifically designed for children who are deaf/
hh. However, these materials have been applied to different pop-
ulations of children including children with hearing loss as a
measure of English vocabulary.”#°-5 It was also relevant to the

* goals of this study to compare early- and late-identified partici-

pants with normal hearing peers, which further motivated the
selection of this measure.

The vocabulary scores of children in the oral and TC programs
were compared using analysis of variance. This revealed no sig-
nificant differences for communication mode (F[1,110] = .326; P =
569), which justified combining the 2 intervention groups for
analysis. There are extensive data supporting the concurrent and
predictive validity of the PPVT with young children.#” Concurrent
validity of the PPVT for the children in this study was examined
by correlating the PPVT scores with a measure of expressive
vocabulary (Expressive One-Word Picture Vocabulary Test
(EOWPVT]).52 The 2 vocabulary measures were significantly cor-
related (r = .81; P < .01). Correlations between these 2 vocabulary
tests were intentionally included to determine whether receptive
vocabulary measures were inflated by signed administration (eg,
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premature and ill-advised. Among their objections
was concern for the lack of empirical evidence doc-
umenting the effectiveness of early intervention.
This statement, and related criticisms of early inter-
vention research, prompted further investigation of
intervention outcomes in relation to age of identifi-
cation. Researchers have worked to address at least 2
primary questions: 1) Does early intervention con-
tribute to lasting differences in language outcomes
for children with hearing loss?; and 2) What vari-
ables, in addition to early intervention, influence out-
comes?

Three recent studies address the first question.
Robinshaw?* described outcomes for 5 early-identi-
fied children with severe to profound sensorineural
hearing loss in comparison with hearing, age-
matched controls and a group of 12 late-identified
children with hearing loss. Results showed a clear
advantage for the early-identified subjects, who
achieved developmental milestones in vocalization
and language at similar ages to their hearing peers
and in advance of their later-identified hard-of-hear-
ing peers. This study has limited generalizability,
however, because of the small number of subjects,
variability in the interventions implemented, and
lack of use of standardized measures.

Further evidence of the benefits of intervention
before 6 months of age was provided by Apuzzo and
Yoshinaga-Itano,? based on a retrospective analysis
of outcomes in 69 children, grouped by ages of iden-
tification. Infants identified between birth and 2
months of age performed significantly better at 40
months of age than did later-identified infants on
measures of general development and expressive
language. Because of concerns about sample distri-
bution, including a limited pool of subjects in the
early identification group, the study was replicated
on a larger, more representative sample.!

Receptive and expressive language skills were ex-
amined in 150 deaf and hard-of-hearing children
(deaf/hh): 72 identified before 6 months of age; 78
identified after 6 months of age.! The majority of
children (96%) were enrolled in the Colorado Home
Intervention Program.® Several child and family
background variables were controlled in the analy-
sis. Children were evaluated between the ages of 13
and 36 months. Children enrolled in services before 6
months of age performed significantly better than
later-identified peers in receptive and expressive lan-

uage, with an effect size of nearly 1 standard devi-
ation (SD). The early identification advantage was
observed in children with normal cognitive abilities,
regardless of communication mode, degree of hear-
ing loss, socioeconomic status, gender, minority sta-
tus, or presence of additional disabilities. Children
identified before 6 months of age performed compa-
rably to hearing peers on language measures admin-
istered.

It is not yet known if the advantages observed
through the latest tested age (36 months) in the study
by Yoshinaga-Itano et al' will be maintained at later
ages. Some have suggested that children may simply
catch up once intervention has begun. It is important
to examine outcomes beyond the third year of life
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and to control for developmental differences of chil-
dren tested at varying ages by evaluating all subjects
at the same chronological age point (eg, 5 years of
age).

Early intervention researchers have also examined
the influence of background variables, such as family
factors, on outcomes. Previous research documents
that families vary widely in their adjustment to the
child’s hearing loss,?*?7 motivation,?® affective
state,?® responsiveness to the child,*3! and social
support,?32-34 all of which can influence long-term
outcomes. Parents who become involved in interven-
tion have been found to communicate better with
their children and to contribute more to the child’s
progress than parents who do not participate in such
programs.3>3¢ Calderon et al®” retrospectively ana-
lyzed characteristics of 28 families who participated
in the same early intervention program. Among their
findings was the conclusion that late identification
results in families spending limited time in early
intervention programs. As a consequence, parents of
later-identified children did not demonstrate high
levels of confidence or independent knowledge re-
lated to their children’s language needs.®” Multiple
variables may influence intervention outcomes. Bet-
ter understanding of these relationships is needed.

The primary purpose of the present study was to
explore the relationship between age of enrollment
in early intervention services and specific language
development outcomes measured at 5 years of age in
a group of children with sensorineural hearing loss.
Because vocabulary and verbal reasoning skills are
known to contribute to reading comprehension,3® the
status of these specific language behaviors in chil-
dren enrolled in intervention at various ages was of
interest. It is hypothesized that age of enrollment will
be correlated with language performance at 5 years
of age, and that the earliest-identified children will
attain standard scores that approximate those of
hearing peers. A secondary goal of this investigation
was to examine the relationship between family in-
volvement in intervention and child language out-
comes.

METHODS

Participants

Participants in this study were 112 children (58 males; 54 fe-
males) with prelingual-onset hearing losses ranging from mild to
profound (mean better ear pure tone average [PTA] = 77.8;
range = 25-120 dB; SD = 24.2). All children were graduates of the
Diagnostic Early Intervention Program (DEIP), a parent/infant
program operated in a metropolitan community. Children were
included in this retrospective study if they had: 1) confirmed
bilateral, sensorineural hearing loss; 2) participated in the DEIP
program between 1981 and 1994; 3) received formal language
evaluations through 5 years of age; 4) lived in a home where
English was spoken; 5) hearing parent(s); and 6) no evidence of
major secondary disabilities, including nonverbal intelligence
scores <.70. Table 1 summarizes the demographic characteristics
of the sample.

Age of Identification/Enrollment

The children in this study represent a group whose hearing
losses were identified before the implementation of universal
screening of hearing in newborns in the local community. They
were identified through such procedures as high-risk registries,
neonatal intensive care unit screening, child find programs, and
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Early Intervention and Language Development in Children Who Are
Deaf and Hard of Hearing

Mary Pat Moeller, MS

ABSTRACT. Objective. The primary purpose of this
study was to examine the relationship between age of
enrollment in intervention and language outcomes at 5
years of age in a group of deaf and hard-of-hearing
children.

Method. Vocabulary skills at 5 years of age were ex-
amined in a group of 112 children with hearing loss who
were enrolled at various ages in a comprehensive inter-
vention program. Verbal reasoning skills were explored
in a subgroup of 80 of these children. Participants were
evaluated using the Peabody Picture Vocabulary Test
and a criterion-referenced measure, the Preschool Lan-
guage Assessment Instrument, administered individu-
ally by professionals skilled in assessing children with
hearing loss. A rating scale was developed to characterize
the level of family involvement in the intervention pro-
gram for children in the study.

Results. A statistically significant negative correla-
tion was found between age of enrollment and language
outcomes at 5 years of age. Children who were enrolled
earliest (eg, by 11 months of age) demonstrated signifi-
cantly better vocabulary and verbal reasoning skills at 5
years of age than did later-enrolled children. Regardless
of degree of hearing loss, early-enrolled children
achieved scores on these measures that approximated
those of their hearing peers. In an attempt to understand
the relationships among performance and factors, such as
age of enrollment, family involvement, degree of hearing
loss, and nonverbal intelligence, multiple regression
models were applied to the data. The analyses revealed
that only 2 of these factors explained a significant
amount of the variance in language scores obtained at 5
years of age: family involvement and age of enrollment.
Surprisingly, family involvement explained the most
variance after controlling for the influence of the other
factors (r = .615; F change = 58.70), underscoring the
importance of this variable. Age of enrollment also con-
tributed significantly to explained variance after account-
ing for the other variables in the regression (r = —.452; F
change = 19.24). Importantly, there were interactions be-
tween the factors of family involvement and age of en-
rollment that influenced outcomes. Early enrollment was
of benefit to children across all levels of family involve-
ment. However, the most successful children in this
study were those with high levels of family involvement
who were enrolled early in intervention services. Late-
identified children whose families were described as
limited or average in involvement scored >2 standard
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deviations below their hearing peers at 5 years of age.
Even in the best of circumstances (eg, early enrollment
paired with high levels of family involvement), the chil-
dren in this study scored within the low average range in
abstract verbal reasoning compared with hearing peers,
reflecting qualitative language differences in these
groups of children.

Conclusions. Consistent with the findings of Yoshi-
naga-Itano et al,! significantly better language scores
were associated with early enrollment in intervention.
High levels of family involvement correlated with posi-
tive language outcomes, and, conversely, limited family
involvement was associated with significant child lan-
guage delays at 5 years of age, especially when enroll-
ment in intervention was late. The results suggest that
success is achieved when early identification is paired
with early interventions that actively involve families.
Pediatrics 2000;106(3). URL: http://www.pediatrics.org/
cgi/content/full/106/3/e43; hearing loss, deaf, hard-of-
hearing, early identification, early intervention, language,
newborn hearing screening.

ABBREVIATIONS. deaf/hh, deaf and hard-of-hearing; SD, stan-
dard deviation; PTA, pure tone average; DEIP, Diagnostic Early
Intervention Programy; FM, frequency modulated; TC, total com-
munication; PPVT, Peabody Picture Vocabulary Test; EOWPVT,
Expressive One-Word Picture Vocabulary Test; SE, standard error;
PLAI, Preschool Language Assessment Instrument.

with sensorineural hearing loss achieve lan-
guage abilities similar to hearing peers if com-
prehensive intervention services are provided by 6
months of age.!? Advocates of early intervention
emphasize the importance of maximizing sensitive
periods of development to prevent the communica-
tion, language, and literacy delays frequently ob-
served in children with mild to moderate/severe
losses*7 and those with severe to profound loss-
es.3-13 Early detection and intervention are believed
to be critical steps toward proactive management of
these children. Recent technological advances allow
for identification of hearing loss soon after birth,14-17
and the concept of universal newborn hearing
screening has been endorsed by the National Insti-
tutes of Health,!8 the Joint Committee on Infant
Hearing,'? and the American Academy of Pediat-
rics.20
Despite widespread theoretical and practical sup~
port for universal hearing screening, concerns about
the costs versus the potential benefit to society con-
tinue to be raised.?! Recently, Bess and Paradise®?
characterized the advocacy for universal screening as

I :ecent evidence indicates that many children
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The message [ want to leave you with is that UNHS and Early Intervention works.
Children with significant hearing losses who have access to the auditory signal at an early
age have a far better prognosis for developing oral communication skills, social-
emotional skills, cognitive and academic skills like their hearing peers, than those who do
not. 54% of children with a diagnosis of hearing loss do not have insurance that will
cover the cost of hearing aids or cochlear implants. This is a huge financial burden for
them. In terms of therapy services, insurance companies cover anywhere from 4 visits of
speech therapy to 20 to 50 visits. A child’s access to services that will support his/her
acquisition of communication should be covered by insurance. I urge your support of
Senate Bill 27 and Assembly Bill 16. I would be happy to address any questions you have
about access to the auditory signal or early intervention with young children who are deaf
or hard of hearing.

Anne Heintzelman, M.S., CCC-SLP
Associate Clinical Professor

Department of Communicative Disorders
University of Wisconsin-Madison

1975 Willow Dr.

Madison, WI 53706

Senior Clinical Speech Pathologist
Waisman Center Pediatric Clinics
1500 Highland Ave.

Madison, WI 53705

Phone: 608-263-9915
Email: heintzelman(@waisman.wisc.edu
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Testimony in favor of Senate Bill 27 and Assembly Bill 16
March 18, 2009

My name is Anne Heintzelman. [ am a speech language pathologist who has specialized
in developing intervention programs and working with families of young children who
are deaf or hard of hearing for over 20 years. I am also an Associate Clinical Professor in
the Department of Communicative Disorders at the University of Wisconsin-Madison.

I’d like to speak to the impact passage of this bill would have on the life of a child with a
hearing loss and his/her family.

I’d like to start by briefly reviewing the impact of hearing loss on a child’s
communication development. The information I am reporting has been clearly
documented in research. Prior to universal newborn hearing screening I didn’t meet
children and families until the child was between 1 and 2 years of age. Parents very
likely suspected that their child wasn’t hearing, but it often took months and a variety of
reasons before the child’s hearing loss was identified. At that point we were behind the
8-ball. The child’s ability to communicate using words was significantly delayed.
His/her responsiveness to the parents voices and sounds and the environment was often
limited or simply non-existent. The children were not safe because they could not hear,
the bond between the parent and child was not normal, parents felt inadequate to parent
their children. In short, children with hearing loss are delayed in their acquisition of oral
language, delayed in their social development, and often had emotional/behavioral issues
that required more attention from parents, professionals and school programs.

We have been doing hearing screening on newborns in Wisconsin for a number of years
now, and the impact has been huge. I now typically see families within 3 to 6 months of
their getting a diagnosis. My personal experience is that the children [ have seen,
diagnosed through UNHS are far more advanced in their oral and sign communication
skills by the age of 3 years than children I saw prior to UNHS. By age 3 years, the
majority of children I see have age-level or near age-level oral communication skills.
They are confident assertive communicators in preschool and daycare settings and with
family members. They are “typical”. Many enter school at kindergarten needing support
services from speech clinicians, teachers of the deaf and hard of hearing, and audiologists
to access the curriculum in the classrooms in which they are fully included.

So what does it take to bring a child to this level of communicative competence? In my
practice, [ typically see families once or twice a month initially. In the early stages of
fitting hearing aids and determining cochlear implant candidacy, I may see a child and
family once a week in order to determine what the child’s functional auditory skills are,
and how the child’s ability to access the speech signal through the auditory channel affect
his/her speech production. Typically I see toddlers once or twice a week with their
parents or in a day care setting. We work on speech perception skills, speech production
skills, and receptive and expressive language skills.




